Objective: The purpose of this retrospective study was to investigate shortterm and long-term skeletodental outcomes of Class III activator treatment. Methods: A Class III activator treatment group (AG) comprised of 22 patients (9 boys, 13 girls) was compared with a Class III control group (CG) comprised of 17 patients (6 boys, 11 girls). The total treatment period was divided into three stages; the initial stage (T1), the post-activator treatment or post-mandibular growth peak stage (T2), and the long-term follow-up stage (T3). Cephalometric changes were evaluated statistically via the Mann-Whitney U-test and the Friedman test. Results: The AG exhibited significant increases in the SNA angle, ANB angle, Wits appraisal, A point-N perpendicular, Convexity of A point, and proclination of the maxillary incisors, from T1 to T2. In the long-term follow-up (T1−T3), the AG exhibited significantly greater increases in the ANB angle, Wits appraisal, and Convexity of A point than the CG. Conclusions: Favorable skeletal outcomes induced during the Class III activator treatment period were generally maintained until the long-term follow-up period of the post-mandibular growth peak stage. 
INTRODUCTION
Class III malocclusion is a more common clinical problem in Mongolian populations than in Caucasian populations. 1 The prevalence of Class III malocclusion ranges from 2.3% to 16 .7% in Asia, [2] [3] [4] and in a series of studies undertaken in Korea 38.1% to 48.3% of the patients who visited a clinic seeking orthodontic treatment had Class III malocclusion. [5] [6] [7] Similarly, survey results pertaining to the distribution of orthodontic patients in Wonkwang University Dental Hospital revealed that Class III patients comprised 34.2% of them, and of these, 33.6% were growing patients.
Treatment of Class III malocclusions in growing patients is generally considered one of the most complex challenges in orthodontics. [8] [9] [10] [11] Early intervention treatment in patients with Class III malocclusion is controversial, for reasons relating to unpredictable prognoses, reduced efficiency arising from the associated long treatment times, and patient compliance problems. 1, 12, 13 In view of these potential problems, the success or otherwise of several orthopedic treatments including chin caps, facemasks, and functional appliances have been studied. [14] [15] [16] [17] However, early intervention treat ment of growing patients with skeletal Class III mal occlusion via orthodontic or orthopedic modalities has become a common practice, favored for reasons re lating to effectiveness, functional rehabilitation, and patients' quality of life; including their emotional develop ment. 18, 19 Successful clinical results of functional appliance therapy have been reported by several authors. 14, 20, 21 Examples of functional orthopedic appliances for Class III treatment are the Fränkel function regulator III, Bionator III, and Class III activator. Many previous studies have investigated the effects of Class III activator therapy. 20, [22] [23] [24] [25] Several of these have reported short-term treatment effects, including improvement of patient profile with significant clockwise rotation of the mandible and proclination of the maxillary incisors. [22] [23] [24] [25] However, few studies have investigated the long-term effects of this treatment modality. 20 In the current study, we investigated the short-term and long-term skeletodental changes associated with Class III activator treatment in growing patients.
MATERIALS AND METHODS

Patient selection
Patients in the study groups were selected from the growing Korean patients diagnosed by the Department of Orthodontics, Wonkwang University Dental Hospital from July 2000 to June 2011. This retrospective study was approved by the institutional review board of the Dental Hospital of Wonkwang University (approval number WKDIRB201408-01).
Patients were classified into either a Class III activator treatment group (AG) or a Class III control group (CG). The AG was comprised of 22 patients (9 boys, 13 girls) treated with Class III activator over the mandibular growth peak without combination or alteration with other growth modification appliances. The CG was comprised of 17 patients (6 boys, 11 girls) who were not treated with removable appliances that could modify growth or mandibular position (Table 1) . Inclusion criteria included skeletal Class III discrepancy beyond the normal range (normal mean ± 1 standard deviation) based on the ANB angle and Wits appraisal measurements according to individual growth state; premandibular growth peak stage at the time of diagnosis; no previous orthodontic treatment; no craniofacial anomalies including cleft lip and palate; and availability of adequate specific supplementary data including diagnostic records, treatment progress notes, and lateral cephalometric radiographs.
Skeletal maturity
The total treatment period was divided into three stages; the initial stage (T1), the post-activator treatment or post-mandibular growth peak stage (T2), and the long-term follow-up stage (T3). Skeletal maturation was determined by lateral cephalometric radiographs using a modified version of the cervical vertebral maturation method 26 (modified CVM method), independently of chronologic age. The stages of cervical vertebral maturation were all classified by the same investigator (HKR).
All patients were in pre-mandibular growth peak stage (CS1−CS3) at T1, post-mandibular growth peak stage (CS4−CS5) at T2, and more than a year after mandibular growth peak stage (CS5−CS6) at T3.
Treatment protocols
In the AG, the construction bite of the activator was taken in the most posterior mandibular position with various heights, according to the patients' individual conditions. The appliances fitted well in the patients' mouths. Clinicians instructed the patients to wear the appli ances for at least 14 hours per day. All AG patients were treated via the same protocol by the residents, under the supervision of faculty supervisors. AG patients wore the activator consistently until post-mandibular growth peak stage (T2), at which time the second phase of fixed appliance treatment was recommended. After activator treatment, comprehensive orthodontic treatment was initiated in 18 patients (8 boys, 10 girls). Orthodontic treatment combined with orthognathic surgery was recommended to 4 other patients (1 boy, 3 girls).
CG patients were treated via various means depending on their individual conditions. Four girls were observed for habit control, 5 patients (3 boys, 2 girls) were treated with removable appliances for dental alignment, and 8 patients (3 boys, 5 girls) initially underwent fixed appliance treatment on only their maxillary dentition. After T2, 13 patients (5 boys, 8 girls) received comprehensive orthodontic treatment and 4 patients (1 boy, 3 girls) were observed regularly for possible further growth of the jaws. Orthodontic treatment combined with orthognathic surgery was recommended to 3 patients (1 boy, 2 girls) at T3.
Cephalometric analysis
Lateral cephalometric radiographs were acquired via a Planmeca PM 2002 cc Proline Ceph (Planmeca, Helsinki, Finland) until October 31st 2002, then via a Planmeca Promax Dimax3 Ceph (Planmeca) thereafter, with the patients in natural head position. Lateral cephalometric radiographs were taken at T1, T2, and T3 in each patient. Original films taken with the Planmeca PM 2002 cc Proline Ceph were scanned and converted into a digital format via a Vidar Diagnostic Pro Plus Film Digitizer (Vidar Systems Corporation, Herndon, VA, USA).
All lateral cephalometric radiographs were digitized and calculated using V-ceph 6.0 software (Osstem Implant Co., Ltd., Seoul, Korea) by the same investigator (HKR). Magnification was corrected for all the lateral cephalometric radio graphs. Cephalometric analysis was conducted to iden tify the changes in 20 measurements (Figures 1 and 2, and Table 2 ).
Statistical analysis
Prior to statistical analysis, intra-examiner variation was evaluated. Evaluations of stages of the cervical vertebrae were performed twice, 2 weeks apart, and there was no difference. Also, 10 randomly selected radiographs were retraced and remeasured by the same investigator (HKR) 2 weeks after the initial analysis, the paired t-test was used to compare the two data-sets of registrations, and there was no significant difference between the data-sets (p > 0.05). All of the intraclass correlational coefficients were above 0.904, suggesting that intra-examiner agreement was excellent.
Descriptive statistics were calculated for all cephalometric measurements at T1, T2, and T3 in the AG and CG. Statistical analyses were performed using the Statistical Package for Social Sciences software (version 12.0; SPSS, Chicago, IL, USA). Shapiro-Wilks test revealed that the calculated measurements were not normally distributed, thus, the nonparametric MannWhitney U-test, Friedman test, and Wilcoxon signed rank test with Bonferroni correction for post-hoc comparisons were used.
RESULTS
No statistically significant differences were found between the skeletodental measurements of the AG and CG at T1 (Table 3) .
Comparison of measurements within each group
Descriptive data and statistical comparisons for cephalometric measurements at T1, T2, and T3 are presented in Table 4 . In the AG, the following measurements changed statistically significantly during the periods: SNA, ANB, Wits appraisal, Mx. length, Mn. length, A-N perpend, Pog-N perpend, Convexity of A, Gonial angle, U1 to SN, and U1 to FH. Of these measurements, SNA, ANB, Convexity of A, U1 to SN, and U1 to FH increased significantly between T1 and T2. Wits appraisal, Mx. length, Mn. length, and A-N perpendicular gradually increased throughout the T1, T2, and T3 periods.
In the CG, the following measurements changed statistically significantly during the periods: SNB, Wits appraisal, Mx. length, Mn. length, Pog-N perpend, and Convexity of A. Of these measurements, SNB, and Pog-N perpend significantly increased between T1 to T2, while Convexity of A significantly decreased. Wits appraisal significantly increased between T2 and T3. Mx. length and Mn. length gradually increased throughout the T1, T2, and T3 periods.
Comparisons of changes between the groups
Descriptive data and statistical comparisons of the cephalometric changes in both groups in each period are presented in Table 5 . From T1 to T2, SNB of the AG increased significantly less than that of the CG, resulting in an increase in ANB in the AG that was greater than that of the CG. Wits appraisal, Convexity of A, AB to Mn. plane angle, Y-axis angle, and ODI also increased significantly more in the AG than in the CG. There was a significantly larger decrease in APDI in the AG than in the CG. U1 to SN, and U1 to FH increased significantly more in the AG than in the CG. There were no significant differences in the changes from T2 to T3. From T1 to T3, ANB, Wits appraisal, and Convexity of A increased significantly more in the AG than in the CG. Compared with the CG, a significantly larger change in U1 to FH was observed in the AG. 
DISCUSSION
The objective of this study was to determine shortterm and long-term skeletodental changes in growing patients in a Class III AG and a Class III CG. This study revealed that Class III activator therapy resulted in an improved jaw relationship and proclinated maxillary incisors (Table 4) . Compared with the CG, skeletodental changes in the AG occurred during the activator treatment period, and remained without substantial changes during the long-term follow-up period ( Table 5) .
The study has some limitations, most of which stem from the small sample size and retrospective study design. It was difficult to obtain control data from completely untreated patients with equivalent skeletodental conditions, due to ethical considerations. Accordingly, patients treated with habit control and/ or dental alignment excluding orthopedic treatment were included in the CG. Furthermore, radiographic images were obtained by two methods, from original films and digital images, increasing the possibility of discrepancies in the cephalometric analysis. In a previous study comparing scanned lateral cephalograms with corresponding original radiographs, some distortions were found. 27 However, the authors considered that the use of scanned cephalograms was valid, because the relatively small discrepancies were deemed clinically insignificant.
The appraisal of skeletal maturity in both groups was performed by evaluating stages of the cervical vertebrae, using a modified CVM method. 26 In this study, the modified CVM method was applied to assess whether the pubertal spurt in mandibular growth had started or finished. The appraisal of skeletal maturity based on cervical vertebral maturation can be helpful for determining the completion of active growth in studies dealing with the long-term effects of orthopedic treatment strategies. 26 Previous studies have shown that the greatest in crease in mandibular length occurs during the pubertal growth spurt, which happens during the interval between CS3 and CS4. 28, 29 The pubertal peak of patients with skeletal Class III malocclusion reportedly lasts longer than that of patients with skeletal Class I malocclusion. Therefore, growth modification treatment should be maintained during this growth period, and a long period of observation of patients should be undertaken, until the active growth period is over. Accordingly, patients undergoing maintained activator treatment over the mandibular growth peak were included in this study ( Table 1) . The significant changes in SNA, and A-N perpend were associated with forward displacement of the maxilla in the AG (Table 4) . Nonetheless, these treatment changes in the AG did not result in significant differences between the AG and CG ( Table 5 ). The insignificant mean change in the measurements related to maxillary growth also suggests that maxillary growth could be caused by both natural factors and activator treatment. This point of view corresponds with previous studies. 20, 24 Based on assessment of the effect of Class III activator treatment on mandible changes, undertaken by comparing the skeletal changes within each group, we could assume that it prevents the anteroposterior relationship of the mandible from getting worse (Table 4 ). In particular, the measurements that differed significantly between both groups, such as SNB, ANB, Wits appraisal, Convexity of A, and AB to Mn. plane angle were associated with significantly greater improvement of the jaw relationship in the AG (Table 5) . Similar findings relating to Class III activator treatment have been described in other studies. 22, 23, 25 The clockwise rotation of the mandible in the AG had the additional effect of repositioning of the chin downward and backward, and developed facial convexity that contributed to improvement of profile.
Dental changes in the maxilla such as U1 to SN, and U1 to FH were evident in the AG (Table 4 ). The proclination of the maxillary incisors caused by Class III activator treatment was similar to the dental compensation seen in Class III malocclusion. Further more, in terms of dental compensation, proclination of the maxillary incisors contributed to a positive overjet in untreated skeletal Class III patients. 31 The observed changes associated with Class III activator therapy, particularly clockwise rotation of the mandible and proclination of maxillary incisors, facilitate the formation of a positive overjet by the Class III camouflage treatment. Moreover, some authors believe that early correction of an anterior crossbite has a positive effect on the sagittal development of the maxilla, developing the bone according to its endogenous growth potential. 20 In this respect, correc tion of the jaw relationship by Class III activator therapy induces harmonious skeletal and dental changes.
From T1 to T3, measurement differences between the AG and CG reflecting skeletal changes, such as ANB, Wits appraisal, and Convexity of A showed that the treatment effects were maintained during the second phase of treatment (Table 5 ). This showed that helpful skeletal outcomes induced by Class III activator during the activator treatment period were generally maintained until the long-term follow-up period of the postmandibular growth peak stage.
CONCLUSION
Favorable skeletal changes were achieved by Class III activator therapy that started before the mandibular growth peak and continued over the mandibular growth peak. These treatment effects of Class III activator therapy were generally maintained during the long-term follow-up period of the post-mandibular growth peak stage.
